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[57] ABSTRACT 

An ablation apparatus for ablating an inner layer in an organ 
or lumen of a body, or any desired thin layer, includes an 
expandable member made of a material with a porous 
exterior surface. An electrolytic solution, housed in an 
interior of the expandable member, releases electrolytic 
solution through the porous exterior surface. A conforming 
member, which can be an open cell foam material, has an RF 
conductive surface, and a back side in a surrounding rela 
tionship to an exterior surface of the expandable member. 
Further, the conforming member includes non-zone areas 
that have a ?rst porosity rate for delivering electrolytic 
solution to the inner layer. The conforming member also 
includes a zone for housing each RF electrode and electro 
lytic solution. Zones have a second porosity rate that is less 
than the ?rst porosity rate, thus permitting electrolytic 
solution to pass through the non-zone areas at a faster rate 
than in the zones. The zones provide an area where electro 
lytic solution is heated to a higher temperature, due to the 
diiferences in porosity with the non-zones. With the com 
bination of the electrode and the heated electrolytic solution 
in each zone, a larger electrode is created, and there is a more 
effective, and even application of both RF and thermal 
energy to the tissue site, such as the endometrium. 

30 Claims, 15 Drawing Sheets 
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THIN LAYER ABLATION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of Edwards, et 
al, U.S. patent application Ser. No. 08/286,862 entitled 
“Thin Layer Ablation Apparatus”, ?led Aug. 4, 1994, which 
is a continuation-in-part of Edwards, et al., U.S. patent 9 
application Ser. No. 08/272,162 entitled “Thin Layer Abla 
tion Apparatus” , ?led Jul. 7, 1994, which is a continuation 
in-part of U.S. patent application Ser. No. 08/265,459 now 
Edwards U.S. Pat. No. 5,505,730 entitled “Thin Layer 
Ablation Apparatus”, ?led Jun. 24, 1994, all of which are 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to an ablation apparatus 
for the selective ablation of the inner layers of body organs 
or lumens, and more particularly, to an ablation apparatus 
which includes an expandable member housing a heated 
electrolytic solution 

2. Description of Related Art 
There are a number of body organs and lumens, including 

but not limited to the uterus, gall bladder, large intestine and 
the like, that have inner layers which have abnormal con 
ditions. Traditional methods of treatment have included 
removal of the body organ to treat the abnormal condition, 
the use of lasers, and the application of a thermal source. 

A diseased condition of the uterus, menorrhagia, is 
de?ned as excessive menstrual bleeding in the absence of 
organic pathology. It has no known aetiology and it has been 
postulated that it is due to an inappropriate exposure of the 
endometrium to hormones. Menorrhagia is an exceedingly 
common problem, typically comprising approximately one 
in ?ve outpatient referrals to gynecological departments. 
Women suffering severe menorrhagia are at risk from 
chronic anemia. The ?rst treatment employed may be the 
administration of drug therapy. A major disadvantage is the 
need to administer drugs long term, and frequently the 
bene?cial effects are only temporary. Another treatment is 
hysterectomy. 
A number of physical and chemical methods have been 

tried as alternatives to hysterectomy, including the use of 
superheated steam, cryotherapy, urea injection and radium 
packing. The most commonly used methods as an alternative 
to hysterectomy are, ablation of the endometrium either by 
using a laser, such as a Nd:YAG laser, or the use of RF 
energy applied with an electrode. 

Laser treatments have provided only limited success. RF 
is an attractive alternative. In RF heating, a conductive probe 
is placed within the uterine cavity and an insulated ground 
plane electrode or belt is placed around the patient’s midri?. 
RF energy is applied to the thermal probe with the external 
belt electrode acting as the return arm of the circuit. The 
electrical load presented by the RF thermal probe, patient, 
and external belt is matched to the output of the RF 
generator via a tuning unit, to form a series resonant circuit. 
Once tuned, the majority of the power applied to the probe 
is deposited into the endometrium as heat. 

Current ?ows primarily capacitively, and an electric ?eld 
is set up around the active tip of the probe. Tissue lying 
within the ?eld becomes heated because of rapid oscillation 
of charged particles and locally induced currents. 
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2 
Prior et al. have reported on the use of RF to treat 

menorrhagia. Power at 27-12 MHz was delivered to a probe 
that was placed into the uterine cavity and capacitively 
coupled to a second electrode consisting of a belt placed 
around the patient, Prior et al., Int. J. Hyperthermia, 1991, 
Vol. 7, No. 2, pgs 213 to 220. The active electrode was a 10 
mm diameter stainless-steel cylinder with a length of 70 
mm. This method, however, did not adequately deliver RF 
energy to the entire endometrium. Because the endometrium 
has an irregular surface, it is di?icult to deliver suf?cient RF 
energy to the entire structure and effectively treat menor 
rhagia. 

However, it is desirable to have close contact between the 
RF conductive face and the endometrium. In U.S. Pat. No. 
5,277,201 (the“’201 patent”) an electroconductive, expand 
able balloon expands the interior of the uterus and effects 
electrical contact with the endometrial lining to be 
destroyed. The device of the ’201 patent fails, however, to 
provide sufficient physical contact with the entire 
endometrium, and thus the treatment is not complete. Not 
only is the physical contact with the endometrium unsatis 
factory, but the effective delivery of RF energy to the 
endometrium could be improved. 

There is a need for an RF ablation apparatus, with an open 
foam cell structure surrounding an expandable member, that 
includes zones of semi-trapped electrolytic solution adjacent 
to electrodes, with a zone porosity that is less than non-zone 
sections of the open foam cell foam where there aren’t 
electrodes. Additionally, there is a need for an ablation 
device which provides a heated electrolytic solution in the 
expandable member that is delivered to the inner layer of a 
body organ or lumen. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide an 
ablation apparatus that effectively conforms to the shape of 
the interior of a body organ or lumen. 

Yet another object of the invention is to provide an 
ablation apparatus that includes a conforming member sur 
rounding an expandable member. The conforming member 
includes zones surround electrodes with semi—retained elec 
trolytic solution. 
A further object of the invention is to provide an ablation 

apparatus that includes such a conforming member which 
zones surrounding electrodes, with the zones having a lower 
porosity than non-zone sections of the conforming member. 

Yet another object of the invention is to provide an 
ablation apparatus with expanded electrodes by positioning 
the electrodes in zones of the conforming member with a 
lower porosity than non-zone areas of the conforming mem 
ber. Within the zones are pockets of semi-trapped electro 
lytic solution that increase the size of the electrode. 

Still a further object of the invention is to provide an 
ablation apparatus that has a conforming member with zones 
surrounding electrodes, and each zone has a lower porosity 
than non-zone sections of the conforming member. 

Yet another object of the invention is to provide an 
ablation apparatus with the conforming member that e?fec— 
tively conforms to the shape of the interior of a body organ 
or lumen, and delivers heated electrolytic solution to a target 
tissue site. 

Still a further object of the invention is to provide an 
ablation apparatus that includes a plurality of electrodes 
positioned in the conforming member, and heated electro 
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lytic solution is passed from an interior of an expandable 
member surrounded by the conforming member to the inner 
lining of an organ or lumen in order to reduce the amount of 
time required for ablation. 

Still a further object of the invention is to provide an 
ablation apparatus that releases heated electrolytic solution 
to the endometrium, selectively distributes energy to the 
endometrium, and includes a feedback device to monitor 
impedance and temperature at the endometrium. 

These and other objects are achieved with an ablation 
apparatus for ablating an inner layer in an organ or a lumen 
of the body that includes an expandable member. The 
expandable member is made of a material with a porous 
exterior surface that de?nes an expandable member interior 
that contains an electrolytic solutions. Electrolytic solution 
is released from the expandable member through the porous 
exterior surface. One or more electrodes are included. A 
conforming member, made of a material that provides 
substantial conformity between the conductive surface and 
the inner layer, has non-zone sections with a ?rst rate of 
porosity for delivering electrolytic solution to the inner 
layer. The conforming member has an RF conductive sur 
face and a back side in surrounding relationship to the 
exterior surface of the expandable member. The conforming 
member includes zones for housing the electrodes and 
electrolytic solution. The zones, with the electrodes, have a 
second porosity rate that is less than the ?rst porosity rate, 
and electrolytic solution passes through the zone at a slower 
rate than electrolytic solution passing through non-zone 
areas of the conforming member. An RF power source is 
coupled to the electrode. 

In another embodiment of the invention, the ablation 
apparatus includes an expandable member, made of a mate 
rial with a porous exterior surface. A heated electrolytic 
solution is housed in an interior of the expandable member 
and is released through the porous exterior surface. A ?uid 
conduit, with a conductive surface, and a back side in a 
surrounding relationship to the expandable member, is made 
of a material that provides substantial conformity between 
the conductive surface and the inner layer of the organ or 
lumen. Heated electrolytic solution is received from the 
interior of the expandable member, and delivered through 
the ?uid conduit to the inner layer. A plurality of electrodes 
are positioned between the expandable member and the ?uid 
conduit. An RF power source is coupled to the plurality of 
electrodes. Also included is a device for heating the elec 
trolytic solution to a selected temperature. 

The conforming member, also called the ?uid conduit, is 
made of an open cell material. The zone areas have less open 
cells than the non-zone areas. Electrolytic solution in the 
zones, and the associated electrodes, effectively form larger 
electrodes. Two pieces of open cell foam can be sealed 
together to form the conforming member, with one or more 
electrodes positioned between the two pieces. Sealing of the 
two pieces of open cell foam can be in the non-zone areas. 
Alternatively, the two pieces can sealed in the zone areas, 
and around the periphery of the conforming member. A 
groundpad can be attached to an exterior surface of a patient. 

The ablation apparatus can also include an electrolytic 
solution source, and a ?uid delivery device for delivering the 
electrolytic solution from the electrolytic solution source to 
the interior of the expandable member. A device for heating 
the electrolytic solution can be associated with the electro~ 
lytic solution source. In this embodiment, heated electrolytic 
solution is introduced into the interior of the expandable 
member. Alternatively, the device for heating the electrolytic 
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solution can be positioned in the interior of the expandable 
member. Additionally, a feedback device can be included 
that is responsive to a detected characteristic of the inner 
layer and provides a controlled delivery of RF energy to the 
plurality of electrodes. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a perspective view of an ablation apparatus of 
the invention housed in an introducer sleeve and includes 
viewing optics. 

FIG. 1(b) is a perspective view of an ablation apparatus of 
the invention in a non-deployed position as the introducer 
sleeve is withdrawn. 

FIG. 1(0) is a perspective view of an ablation apparatus of 
the invention in a deployed position. 

FIG. 2 is a perspective view of a handle associated with 
the ablation apparatus of the invention. 

FIG. 3 is a ?ow chart listing the operation of the ablation 
apparatus of the invention. 

FIG. 4 is a cross—sectional view of the ablation apparatus 
of the invention, illustrating the zone and non-zone sections 
of the conforming member. 

FIG. 5(a) is a cross-sectional view of the conforming 
member made of an open cell foam material. Two pieces of 
foam are sealed to create a zone, or pocket, of electrolytic 
solution around an RF electrode. 

FIG. 5(b) is a cross-sectional view of the conforming 
member made of an open cell foam material. Two piece of 
foam are sealed at the electrode, creating the zone that 
comprises an RF electrode and electrolytic solution which 
remains in the zone a longer time than the electrolytic 
solution in non-zone regions of the conforming member. 

FIG. 5(0) and 5(d) are cross-sectional views of two layers 
of an open cell foam that are jointed with an RF electrode 
disposed between the two layers, forming a zone. The zone 
has a lower porosity rate than nonzone areas. Included in the 
zone is electrolytic solution, which together with the RF 
electrode create a larger electrode. 

FIG. 6(a) to 6(0) is a graph and table of measured 
temperatures of zone and adjacent non-zone sections of the 
ablation apparatus illustrated in FIG. 5(a). 

FIG. 7(a) to 7(0) is a graph and table of measured 
temperatures of zone and adjacent non-zone sections of the 
ablation apparatus illustrated in FIG. 5(b). 

FIG. 8 is a cross-sectional view of a multiplicity of zones 
in the conforming member. 

FIG. 9 is a perspective view of a plurality of electrodes 
that comprise a ?exible circuit in the interior of the con 
forming member. 

FIG. 10 is a perspective view of one of the segments of 
the ?exible circuit shown in FIG. 8. 

FIG. 11 is a cross-sectional view of the introducer sheath 
associated with the expandable member of the invention. 
Housed in the introducer sheath are viewing and illumina 
tion ?bers, a tension wire, an RF cable, an ultrasound cable 
and an electrolytic solution tube. 

FIG. 12 is a representative block diagram of the invention 
showing the light, RF, ultrasound and electrolytic sources 
and their relationships to the expandable member. 

FIG. 13 is a block diagram of an ablation apparatus of the 
invention that includes a controller and multiplexer. 

FIG. 14 is a block diagram of one embodiment of a system 
for processing outputs from the temperature sensors and 
ultrasound transducers. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An ablation apparatus 10 of the invention is illustrated in 
FIGS. 1(a), 1(b) and 1(c) and includes an expandable 
member 12 that is introduced into a desired body organ or 
lumen through an introducer sleeve 14 which can be 
attached to a handpiece 15 (FIG. 2). In one embodiment of 
the invention, expandable member 12 is a balloon, but it will 
be appreciated that other devices capable of being in con 
?ned nondeployed states, during their introduction into the 
desired body organ or lumen, and thereafter expanded to 
deployed states, can be utilized. 

Expandable member 12 is rolled or folded around a core 
lumen 16 which can contain optics, ?uid paths, sensor and 
electronic cabling. It can be attached to a ratchet hinge 18 
which imparts movement of expandable member 12 when it 
is in a body organ or lumen. Ablation apparatus 10 can be 
generally rolled or folded around a helical type of elongated 
structure in order to provide a wringing type of motion to 
assist in its removal from the body organ or lumen. 

Expandable member 12 is introduced through introducer 
sleeve 14 in a folded, or non-distended con?guration. Intro 
ducer sleeve 14 can be of different cross-sectional sizes. In 
one embodiment, it is small enough to be introduced into the 
cervix under local anaesthesia, and can be on the order of 
about 5 mm or less in diameter. 

Formed spring wires can be included in expandable 
member 12 to assist in opening it to the deployed position. 
Positioned on handle 16 are a variety of actuators which 
provide physician control of ablation apparatus 10, as more 
fully described hereafter. The actuators can be rocker 
switches, slider switches and the like, as are well known to 
those skilled in the art. Ablation apparatus 10 is su?iciently 
opaque that it is visible under ultrasound. 

Introducer sleeve 14 is introduced into the desired organ 
or body lumen, as shown in FIG. 1(a), with expandable 
member 12 in a nondeployed con?guration. Following intro 
duction, introducer sleeve 14 is withdrawn and can be 
retracted into handle 16. Introducer sleeve 14 can be of 
conventional design, such as an introducing catheter, well 
known to those skilled in the art. Expandable member 12 can 
be swept from side to side, which movement can be 
imparted by hinge 18. Hinge 18 also provides for easy 
introduction of ablation apparatus 10 through the vagina, 
and into the cervix and uterus. 

Generally, ablation apparatus 10 can be a monopolar or 
bipolar electrode system. It is capable of expanding so that 
expandable member 12 becomes expanded within a selected 
body organ or lumen, and RF energy is delivered to an inner 
lining of the organ or lumen. RF and thermal energy are 
passed through the inner lining or surface for a time period 
selected that is su?icient to achieve a desired level of 
ablation. This varies depending on the body organ or lumen. 
In a monopolar mode RF current ?ows through body tissue 
from a return electrode, in the form of a conductive pad, 
applied to the patient’ s outer skin. Maximum heating occurs 
where the current density is the greatest. 

In one embodiment of the invention, the body organ is the 
uterus, and the lining is the endometrium. It will be appre 
ciated that the present invention is not limited to the 
endometrium of the uterus and that other organs, including 
but not limited to the general ?eld of gynecology, can also 
be treated with the invention. 

Electric current ?owing through the endometrium causes 
heating due to resistance of the tissue. Endometrial ablation 
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can be accomplished as a relatively simple medical proce 
dure with local anesthesia. 

FIG. 3 is a ?ow chart illustrating one embodiment of the 
operation of ablation apparatus 10. In this embodiment, 
ablation apparatus 10 is ?rst introduced into the uterus under 
local anaesthesia. Introducer sleeve 14 is then withdrawn, 
and expandable member 12 is expanded, either mechani 
cally, with the introduction of a ?uid or gaseous expanding 
medium, such as an electrolytic solution, or a combination 
of both. For this purpose formed spring wires can be used 
alone or in combination with a ?uid to expand expandable 
member 12. Electrolytic solution is introduced into expand 
able member 12, causing it to become distended and be 
self-retained in the uterus. 

Electrolytic solution in expandable member 12 is heated 
to a preselected temperature, which can be modi?ed and 
adjusted as necessary. For example, electrolytic solution can 
be heated and maintained at a temperature between about 60 
to 90 degrees C. It can be initially introduced into expand 
able member 12 at the higher temperature, or it can be heated 
to the higher temperature in expandable member 12. By 
providing a heated electrolytic solution, there is a reduction 
in the amount of time needed to complete a satisfactory 
ablation. 
The diagnostic phase then begins. This is achieved 

through a variety of mechanisms, including but not limited 
to, (i) visualization, (ii) measuring impedance to determine 
the electrical conductivity between the endometrium and 
ablation device 10 and (iii) the use of ultrasound imaging to 
establish a base line for the tissue to be treated. 

In the treatment phase, the ablation of the uterus can be 
conducted under feedback control. This enables ablation 
device 10 to be positioned and retained in the uterus. 
Treatment can occur with minimal attention by the physi 
cian. Ablation apparatus 10 automatically conforms to the 
interior of the uterus, provides a relatively even flow of 
heated electrolytic solution to assist in the ablation, and a 
plurality of electrodes contained in zones, effectively create 
a ?exible circuit. It can be multiplexed in order to treat the 
entire endometrium or only a portion. Feedback can be 
included and is achieved by, (i) visualization, (ii) impedance, 
(iii) ultra-sound or (iv) temperature measurement. The feed— 
back mechanism permits the turning on and oif of different 
electrodes of the ?exible circuit in a desired ablative pattern, 
which can be sequential from one electrode to the next, or 
it can jump around di?ierent electrodes. 

The amount of ablation can vary. However, it is desirable 
to ablate about 2 to 3 mm, with approximately 1 mm of the 
myometrium. Ultrasound can be used to create a map of the 
interior of the uterus. This inforrnationis input to a control 
ler. Individual electrodes are multiplexed and volumetrically 
controlled. If desired, the area of ablation can be substan— 
tially the same for each ablation event. 

Even though there are folds and crevices in the 
endometrium, the entire endometrium can be treated and 
selectively ablated. The selective ablation may be the even 
penetration of RF energy to the entire endometrium, a 
portion of it, or applying di?‘erent levels of RF energy to 
different endometrium sites, depending on the condition of 
the endometrium. The depth of RF and thermal energy 
penetration in the endometrium is controlled and selectable. 
A second diagnostic phase may be included after the 

treatment is completed. This provides an indication of 
ablation treatment success, and whether or not a second 
phase of treatment, to all or only a portion of the uterus, now 
or at some later time, should be conducted. The second 












